The World Health Organization recommended removing all CD4 requirements for initiation of antiretroviral therapy (ART) in resource-limited settings. We examined the pre-ART period to identify and assess factors associated with outcomes of pre-ART care. Four modes of transition out of pre-ART care were considered. Beta estimates from the competing risks Cox models were used to investigate whether the effects of covariates differed by mode of transition. Median CD4 counts at entry showed no meaningful change over time. Advanced disease progression and presence of opportunistic infections were significant predictors of pre-ART mortality. Men were more likely to die before initiating ART, transfer to another facility, or be lost to follow-up than were women. Removing CD4 thresholds is not likely to substantially reduce program mortality prior to ART initiation unless and until patients enroll earlier in disease progression. Care programs should focus on diagnosis and treatment of opportunistic infections to reduce pre-ART mortality.
Introduction
Since antiretroviral therapy (ART) became widely available to patients in developing countries, public health programs have had to balance clinical science with resource constraints. In 2006, the World Health Organization (WHO) was recommending treatment only for people living with HIV (PLHIV) with CD4 counts lower than 200cells/mm 3 or with a WHO clinical stage of III or IV. 1 After 3 years, the threshold was raised to 350 2 and to 500 in 2013. 3 On September 30, 2015, the WHO recommended the removal of all CD4 restrictions to treatment initiation for PLHIV in resource-limited settings. 4 Clinical eligibility criteria have historically been the sole threshold to starting treatment. There is little evidence that people are presenting for care substantially earlier in disease progression than they were a decade ago 5, 6 ; therefore, the new guidelines may not have a great impact on the timing of ART initiation for most PLHIV in resource-limited settings. Without effective changes in program practices in the pre-ART period-the time between enrollment for care and initiation of ART-we can expect that many of the same factors that limit the successful initiation of ART observed previously will persist even under the new treatment guidelines.
Many countries may lack resources to implement the 2015 recommendations immediately. Until they are able, programs should identify and assess factors associated with transition from pre-ART care, in addition to presenting CD4 count, and whether these factors can be targeted to reduce transition from pre-ART care for reasons other than initiating treatment. It is during this period that patients gain ART readiness-diagnosis and treatment of opportunistic infections and acquisition of treatment literacy and support mechanisms for lifelong adherence to treatment. This period is arguably the most neglected phase of the HIV continuum of care.
While most literature from international HIV programs focused on treatment outcomes-the period after ART is initiated-there is a growing body of literature on outcomes during the pre-ART period. Several studies have reported higher program loss, lower ART initiation, and/or higher pre-ART mortality among men than among women, 7-13 while others have found no difference by sex. [14] [15] [16] Analyses of the effect of patient's age at enrollment have also found mixed results, with some studies reporting greater attrition prior to ART initiation among younger patients, 10, 11, 13, 15 and other studies finding no age differences. [7] [8] [9] 12, 14 The impact of disease progression at enrollment (CD4 count and WHO stage) is difficult to compare across studies because of differences in selection criteria.
The objective of this study was to identify factors associated with transition from pre-ART care and determine whether those factors differ by mode of transition. The present study adds to the evidence base with analysis of patient records from AIDSRelief, a large-scale care and treatment program funded under the President's Emergency Plan for AIDS Relief (PEPFAR).
Methods

Data Source
We conducted a retrospective cohort study of all adults enrolled in all HIV care and treatment facilities supported by AIDSRelief in Kenya (33 sites) and Tanzania (78 sites).  Records were obtained from approximately 140 000 people  receiving care and treatment in Kenya and approximately 142  352 people receiving care and treatment in Tanzania between  August 1, 2004, and September 30, 2011. 17 During the study observation period, the national treatment eligibility threshold in both countries was CD4 <200 cells/mm3 in the absence of other signs of advanced HIV disease. Data were collected in each facility during routine clinical visits. The data were extracted from each clinical database, all identifying patient information was removed, and patients and clinics were assigned randomly generated identification numbers. The key linking patient names to identification numbers was destroyed. Use of the deidentified data for this study was approved by the ethics committee of the Kenya Medical Research Institute and the Tanzania National Medical Research Institute IRB.
Study Sample
To be eligible for inclusion in the analysis, patients must have been HIV-infected and be at least 15 years of age at the time of enrollment into care.
Statistical Analysis
The outcome variable for this study was transition from pre-ART care by mode of transition. We classified patient transition from pre-ART care into 4 mutually exclusive categories: started ART (irrespective of treatment outcome), died before ART initiation, lost to follow-up (LTFU; no contact with the facility for 6 months), or transferred to another facility. Mode of transition was actively ascertained during the routine provision of care. Patients whose status could not be ascertained were classified as LTFU. Patients who had not experienced one of the transition events at the end of the observation period were classified as remained in care and censored at the end of follow-up.
Baseline covariates that were investigated for their relationship with mode of transition included sex, age at enrollment, CD4 count at enrollment, presence of tuberculosis at enrollment, presence of cryptococcal disease at enrollment, presence of Pneumocystis jiroveci pneumonia (PCP) at enrollment, presence of other active opportunistic infections, and year of enrollment in care.
Age Data were first investigated using univariate analysis to describe the frequency and distribution of the outcome and covariates. Data were then analyzed for bivariate associations with the outcomes to determine crude associations. To investigate whether the effects of the covariates are the same or differ by mode of transition from pre-ART care, we conducted a competing risks analysis using life table methods and Cox models. We fit Cox models with type of transition as the outcome of interest and compared the covariate estimates. To test the null hypothesis that all b estimates are equal across all types of transition, we summed the À2 log likelihood statistics for all 4 transition types and subtracted it from the À2 log likelihood statistic from a combined data set, where each patient based on his or her mode of transition has a specific transition event and is censored for the other 3 types. We then created a likelihood ratio chi-square statistic. To determine whether the b-estimates differ across modes of transition, we constructed Wald chi-square statistics for each pairwise comparison. Cause-specific hazard ratios for each mode of transition are presented. All data were analyzed using SAS 9.4 (Cary, North Carolina).
Results
Between August 1, 2004, and September 30, 2011, 101 821 patients and 123 070 patients aged 15 or older were enrolled in the Kenya and Tanzania AIDSRelief-supported clinics, respectively. After excluding patients with previous ART experience and a small number of patients subsequently found to be HIV negative, there were records from 77 626 ART-naive patients in Kenya and 117 385 ART-naive patients in Tanzania for analysis (see supplemental Figure 1 ).
In both countries, one-third of the enrolled patients were men (Kenya 32% and Tanzania 33%; Table 1 Table 2 ).
Mode of Transition
In both countries, the greatest probability for transition from pre-ART care for any reason occurred in the first year after a patient's enrollment. Initiation of ART was the predominant mode of transition ( Figure 1 ). After the first year, the probability of death as a competing risk for all other modes of attrition remained relatively flat.
With 2 countries, 4 modes of transition, and 8 predictor variables, some with multiple levels, there are 168 opportunities to obtain statistically significant adjusted hazard rates (aHR) as well as 126 comparisons of predictor effects on mode of transition per country. For completeness, all aHR results are presented in Tables 3 and 4 . In the text subsequently, we focus on those findings that we believe have the most programmatic relevance.
Associations between year of enrollment and mode of transition. Both countries showed declines in the hazard ratios for pre-ART mortality and LTFU, over the period 2004 to 2011. In Kenya, earlier years were associated with a decreased hazard for starting ART. In Tanzania, year was not meaningfully associated with the hazard of starting ART.
Associations between clinical status at enrollment and mode of transition. In both countries, the risk of pre-ART mortality decreased with increasing CD4 count at enrollment. Patients with an entry level of CD4 <50 cells/mm 3 were 6 times more likely to die in the pre-ART phase than patients with CD4 >200 cells/mm 3 in Kenya (12% versus 2%) and more than twice as likely to die in Tanzania (5% versus 2%). Patients with enrollment CD4 counts above the prevailing eligibility threshold of 200 cells/mm 3 were least likely to initiate ART during the observation period. In Kenya, 40% of patients entering care with CD4 >350 cells/ mm 3 were still in pre-ART care at the end of the observation period as were 51% of those patients in Tanzania. In Tanzania, but not in Kenya, patients with CD4 counts >350 cells/mm 3 had higher hazards for LTFU compared to patients with enrollment CD4 counts 50 cells/ mm 3 . Enrollment CD4 count estimates of effect were significantly different across all modes of transition from pre-ART care except when comparing LTFU to transfer.
Associations between sex and mode of transition. In both countries, men were more likely than women to die and to be lost to follow-up. Men and women were equally likely to initiate ART within the observation period. The effect of male sex was more strongly associated with death and LTFU compared to starting ART.
Associations between age and mode of transition. In Kenya, but not in Tanzania, all age groups were less likely to be LTFU compared to patients aged 15 to 25. However, in general, the effects of age-group were highly variable across modes of transition and between countries.
Discussion
This study demonstrated that most patients transition from pre-ART care through the initiation of ART. Additionally, the study demonstrated that being male, CD4 count at enrollment, and the presence of OIs (such as candidiasis, wasting, Kaposi's sacrcoma, herpes zoster, and other OIs associated with advanced HIV infection excluding TB, PCP, and cryptococcal disease) at enrollment each have a significant impact on transition due to mortality and LTFU. While previous studies [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] used some form of competing risk analysis to assess the impact of patient-level covariates on pre-ART outcomes, only half 7,9,12-14 included survival analysis and of these, only one 14 compared ART initiation with death and LTFU. The present study improves on these previous designs by including causespecific hazard ratios, so meaningful differences in the effect of covariates on one mode of transition over another were not ignored. Over this period, both country programs showed a steady decline in the rate of early (pre-ART) mortality. At the same time, we observed no programmatically meaningful change in median CD4 counts at enrollment. In other words, despite program maturity, patients were still delaying enrollment into care until late in HIV disease progression. A similar lack of change in entry-level CD4 counts was reported in a metaanalysis of 56 studies from sub-Saharan Africa published between 2002 and 2013. 5 Patients with advanced HIV disease based on CD4 counts at enrollment were more likely to start ART and more likely to die before initiating ART compared to patients with more intact immune systems. This trend should be monitored in further observational studies to determine whether the removal of CD4 thresholds impacts rates of ART initiation, mortality, and loss to follow-up going forward. At the other end of the spectrum, patients with enrollment CD4 cell counts above the threshold for ART eligibility during the study period were less likely to have started ART and less likely to die than those with the lowest CD4 cell counts at enrollment. This finding is consistent with Monte Carlo simulations 18 that predicted less than 3% excess mortality from delaying ART initiation by 52 weeks for patients enrolling for care with CD4 levels between 300 and 350 cells/mm3. The paradoxical finding that diagnosed tuberculosis was protective against early mortality in Kenya probably reflects AIDSRelief's focus as well as the focus of the ministries of Health in both countries, on testing for and treating tuberculosis. A study conducted in South Africa 10 also reported that tuberculosis treatment was associated with lower attrition in the pre-ART period.
The strength of our analysis lies in the use of 2 large observational cohorts from multiple facilities in 2 countries operating in settings typical of national HIV care and treatment programs in sub-Saharan Africa. Most of the published studies on pre-ART retention were conducted in only one [6] [7] [8] [9] [10] 15 or 2 facilities 14 and with far fewer patients. Patients and providers benefited from continuous quality improvement and information use strategies that improved both patient outcomes-seen in the low rates of mortality and lost to follow-up in both countries-and the quality of patient data collected.
We also recognize the inherent limitations of using data collected originally for providing routine HIV care and treatment and not for research purposes, for example, missing data records, data entry errors, and misclassification of events such as transfer out versus LTFU. Given the attention paid to ensuring data quality, including employment of paid data entry clerks and quarterly supervision of patient records, we do not think that these errors jeopardize the robustness of the findings.
Additionally, we would expect any misclassification of the mode of transition to be independent of the covariates under investigation. To estimate the potential bias from misclassification, we examined patients who were classified in the records as active when they had not had a visit within 6 months of the close of the study. We found that 0.4% of patients documented as active had been misclassified. Assuming a 99% sensitivity of classification of status, we found that the estimates of effect were stable when 1% of patients were randomly reclassified to another mode of transition.
To the extent that there may be differences in the patterns of transition from pre-ART care by facility type, the findings of this study may not be fully generalizable to other primary health-care settings. We note that facility type and location were not significantly associated with either the covariates or the modes of transition in this data set. We would expect the strong effect of male sex and the degree of immune suppression at enrollment on transition due to death and lost to follow-up to persist. Future research would benefit from the inclusion of other key information, such as duration of HIV infection at enrollment for care, viral load during the pre-ART period, information related to patient disclosure and support networks, and changes in staffing and clinic functioning, which were not available in our records.
Conclusions
Historical data are important referents in guiding development of future norms and drawing attention to persistent, unsolved problems. Together with results reported previously in the literature, this study of patient outcomes in the pre-ART period of care provides the following insights as programs implement the new treatment guidelines: (1) While removing eligibility requirements for ART is good clinical medicine, it is not likely to substantially reduce program mortality prior to ART initiation unless and until PLHIV enroll earlier in disease progression. Most of our mortality came from patients who were already eligible for ART when they first presented for care, and pre-ART mortality did not increase appreciably after the first year following registration. (2) In the short-term, care programs may benefit from a targeted focus on diagnosing and treating OIs and retention of men. As long as PLHIV continue to register for care late in disease progression, Cryptococcal disease and PCP are likely to persist as risk factors for mortality. Our paradoxical finding that diagnosed tuberculosis was protective against early mortality in Kenya may not be generalizable to other programs in higher TB burden settings. Even after controlling for clinical factors, men progressed significantly faster to both mortality and LTFU compared to women. This suggests that programs might offer special counseling and/or support at intake to men.
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